OBJECTIVE: Problems associated with intubation, chest drainage and urinary catheterization can have a negative impact on patient's recovery after thoracic surgery. We therefore evaluated the feasibility of a new tubeless (spontaneous ventilation without tracheal intubation, urinary catheterization, and no post-operative chest drain placement) approach to perform video-assisted thoracoscopic surgery (VATS) for small pulmonary nodules (SPN) less than 2cm in diameter.
INTRODUCTION
The concept of fast-track surgery was introduced by Kelhet et al. [1] in the 1990s for colorectal surgery, and it referred to a group of measures performed during a patient's treatment course to improve operative outcomes, reduce complications, and speed up patient recovery. It is now widely applied in thoracic surgery as recent advances in thoracic surgery have made this concept possible [2] [3] [4] .
One of the milestones in recent years is the introduction and rapid development of video-assisted thoracoscopic surgery (VATS). This surgical method has beneficial effects on patient's post-operative recovery and functional status without compromising surgical resection [5, 6] . A range of operations can now be safely performed via VATS. Meanwhile, surgeons are continuing to reduce 'invasiveness' of this approach by reducing the number and size of incisions, which have led to recent reports such as double sleeve lobectomy performed via a uniportal approach [7, 8] .
For decades, intubated ventilation was considered mandatory. However, complications after general anaesthesia and endotracheal intubation are not negligible [9] [10] [11] . The main reason for placement of chest tube and urinary catheter is for post-operative monitoring. However, urinary catheterization is associated with urethral trauma, discomfort, infection and can impair patient mobility, [12] and a chest drain is a recognized cause of post-operative pain and can affect patient's post-operative mobility as well as effective chest physiotherapy [13, 14] .
In order to further improve patient recovery and reduce patient's hospital stay, we have recently explored the possibility of avoiding urinary catheterization and chest tube after VATS under spontaneous ventilation without tracheal intubation. In this article, we reported the feasibility of using this new tubeless VATS approach (i.e. no tracheal intubation, post-operative chest tube and urinary catheterization) for solitary pulmonary nodules (SPNs) which required minor/sublobar resections.
MATERIALS AND METHODS

Study design
This study was reviewed and approved by the first affiliated hospital of Guangzhou Medical University Research Ethics Committee. A prospectively maintained database was used to identify patients that underwent tubeless VATS resection for SPNs between January 2012 and December 2014. The primary aim of this study was to evaluate the feasibility of the tubeless VATS approach.
Eligibility for tubeless approach
Patients eligible for the tubeless approach must fulfil the criteria for VATS under spontaneous ventilation: i.e. age 18 and over, American Society of Anaesthesiologists (ASA) grade of I-II and a body mass index (BMI) <25. In addition, patients must have SPNs on a chest computed tomography (CT) scan that can be resected by sub-lobar (segmentectomy or wedge) resection according to the American Fleischner Association guidelines. Post-operatively there must also be no signs of air-leak or bleeding to forego the use of the chest drain. Patients with a bleeding disorder, sleep apnea, evidence of pleural adhesions, unfavourable airway features or spinal anatomical characteristics and prostate problems were not included in this report. Patients on anti-platelet or anticoagulation therapy were also excluded.
Anaesthesia and ventilation
Midazolam (0.06 mg/kg) and atropine (0.01 mg/kg) were injected intramuscularly 30 min before the anaesthesia. The patient's electrocardiogram (ECG), heart rate (HR), blood pressure (BP), pulse oxygen saturation (SpO 2 ), respiratory rate (RR), bispectral index (BIS) were monitored. All patients had central line and arterial line in case their SPN frozen section revealed more invasive cancer and needed more extensive resections. The puncture sites for thoracic epidural analgesia were T7-8 or T8-9. After the epidural catheter was inserted and advanced 3 cm into the epidural space, 2 mL 2% lidocaine was administered in the supine position and the patient was observed for 5 min. If no epidural complication was observed, 3 mL 0.5% ropivacaine was given epidurally, and an additional 3 mL was added 5 min later to obtain adequate anaesthesia between T2 and T10. Anaesthesia was given via intravenous infusion of remifentanil-propofol. All patients were oxygenated through a nasopharyngeal airway with additional oxygen (3-5 L/min) via a laryngeal mask or oxygen mask. Normal spontaneous respiration rate was 12-20 breaths/min. Oxygen saturation was maintained at more than 90%. During the procedure, if oxygen saturation declined below 90%, assisted ventilation via face mask would be used to improve oxygenation. If PaCO 2 was > _80 mm Hg at any point during the operation, surgery would be suspended, and the patient would receive assisted ventilation via face mask to improve air exchange. If the patient failed to improve after these measures were taken conversion to endotracheal intubation would be performed. Patient controlled analgesia (PCA) was not used post-operatively.
Surgical procedure
Uni-portal VATS was performed by making a 3-3.5cm anterior axillary incision at the level of the fifth intercostal space (Fig. 1) . Lung collapse was aided by the iatrogenic pneumothorax caused by the surgical incision. A 5 mm 30 thoracoscope (Styker. USA) was then introduced. Under direct thoracoscopic vision vagus nerve block ( Fig. 2 ) and 2% lidocaine sprayed on the surface of the lung were used to effectively abolish the cough reflex. The lesion was located and resected using either wedge resection or segmentectomy. The specimen was sent for histological analysis by frozen section. If minimally-invasive adenocarcinoma (MIA) or adenocarcinoma in-situ (AIS) was diagnosed, lymph node station 10 and 11 were taken for frozen section. Additional N2 nodes were only taken if these lymph nodes were positive for malignancy. This strategy was based on current literature, which suggested that recurrence and lymph node metastasis in patients with AIS/MIA were rare and their overall prognosis is good [15] . While waiting from frozen section result, the chest was thoroughly inspected to make sure there was no damage to the thoracic duct, active bleeding, or air leak. To avoid post-operative placement of chest tube, any bleeding and air leak would be managed by extra suturing using 4/0 Prolene or application of sealants such as Biopaper (Datsing Bio-Tech Co Ltd, Beijing, China).
Chest closure maneuver
A small (24fr) chest tube, connected to thoracic suction, was placed in the chest through one corner of the uniportal incision. A horizontal mattress suture (3/0 Vicryl) was placed in the muscle around the drain to serve as drain 'pulse-string'. Under thoracoscopic vision, the lung was re-expanded fully with the aid of recruitment maneuvers by the anaesthesiologist. Maintaining the suction on the chest tube, the incision was closed in layers up towards the chest drain. When the all the wound around the chest tube was closed, the chest tube was promptly removed and drain site was immediately secured by tying of the 'pulse-string' to avoid introduction of air. The skin was closed by absorbable 3/0 monocryl.
Post-operative recovery
Intravenous infusion of drugs was stopped immediately after the operation, the epidural catheter was then removed, and patients were transferred to the anaesthesia recovery room. Patients in this group could walk back to the ward after waking up and drink 4-6 h post-operatively. If patients tolerated liquid, they could start to eat normally. Fentanyl patch or non-steroidal anti-inflammatory drugs were offered to patients if they required additional analgesia.
Patient's assessment
All patients had post-operative chest x-ray and bed-side chest ultrasound within 6 h after surgery and before discharge to make sure there was no pneumothorax or pleural effusion that required chest drainage in accordance to the British Thoracic Society guidelines [16] .
Formal pain assessment for the study was carried out on the morning of post-operative day 1 using the Visual analogue scales (VAS: 0 is completely pain-free and 10 is hard to tolerate) [17] . At the same time, the comfort level was evaluated by Bruggrmann Comfort Scale (BCS): 0 for persistent pain; 1 is pain while supine quietly, more pain while deep breathing or coughing; 2 no pain while supine quietly, a little pain while deep breathing or coughing; 3 no pain even deep breathing; 4 is no pain even coughing [18] .
Statistical analysis
Descriptive statistics were reported as median (range) or mean standard deviation for continuous data and as number (%) for categorical data. Statistical analyses were performed with SPSS software (version 13.0 Chicago, IL, USA).
RESULTS
Thirty-four patients underwent tubeless VATS. The median follow-up time was 3 [2] [3] [4] [5] months. SPNs were successfully resected and histological diagnoses were obtained. Twenty seven patients received wedge resections and seven patients received segmentectomy. Twenty nine of the included patients had tumours less than 1cm and the others were 1-2 cm. In regard to pathology, 10 were adenocarcinoma (6 AIS, 4 MIA), 10 were lung metastasis and 14 were benign nodules. The pulmonary function of the patients was generally good, with a mean forced vital capacity of 90% predicted and forced expiratory volume in 1 second of 86% predicted. Twenty of the patients had coexisting medical diseases. At the time of the procedure, eight patients had the ASA physical status of I, and 26 patients had ASA of II (Table 1) .
No patients required conversion to endotracheal intubation intraoperatively. The operating time was 42 ± 10 min; intraoperative blood loss was 9 ± 6 ml, and the anaesthetic induction duration was 23 ± 3 min. The mean time taken for patients to recover fully from the anaesthesia (fully awake) was 18 ± 3 min. Post-anaesthesia care unit stay was 33 ± 5 min, and no patients were sent to the Intensive Care Unit (ICU) post-operatively. Patients were eating after a mean time of 5 ± 1 h. Within 24 h after surgery, 26 patients were discharged, while the remaining 8 patients were discharged on the second day. The post-operative VAS and BCS score on the first day was 2 ± 1 and 3 ± 1, respectively (Table 2 ). Chest X Ray was routinely used post-operatively. A bedside B-scan was used to monitor postoperative pleural infection, pleural effusion and pneumothorax. None of the patients needed re-invention with chest drainage or urinary catheterization during the immediate post-operative period nor even after their discharge. All patients remained well at a median [interquartile range] follow-up time of 3 [2] [3] [4] [5] weeks.
DISCUSSION
This is the first article to present the concept and feasibility of tubeless VATS for SPNs. The rationale of proposing the concept of tubeless VATS (i.e. a combination of no intraoperative tracheal intubation, post-operative chest tube and urinary catheterization) is to improve patient's experience and post-operative care, by minimizing the problems and discomfort associated with each of these interventions.
It is well recognised that urinary catheterisation is associated with ureter discomfort, trauma, increased risk of infection and post-removal re-catheterisation [12, 19] . It can also limit patient's mobility. Studies have shown that these problems can be reduced by early removal [19] or complete avoidance as reported in other surgical specialties [20] . Similarly, it is also wellrecognized that post-operative chest tubes can aggravate postoperative pain, [21] impair ventilation capacity [22] and affect early ambulation [23] . Therefore, early removal and avoidance of chest tube after surgery had been shown to reduce immediate post-operative pain [24] and reduce in-hospital stay in another randomized control trial [25] . On the other hand, avoiding intubation in thoracic surgery is more challenging as lung isolation with double-lumen intubation remains the standard of care for patient's undergoing thoracic procedures. Since the introduction of non-intubation thoracic surgery by Pompeo et al. [26] our centre as well as others has successfully performed a range of thoracic procedures, from wedge to sleeve resections, under spontaneous ventilation without intubation. Our experience mirrored that from randomized studies, showing that patients operated under spontaneous ventilation had a shorter post-operative recovery time, were able to eat and mobilize earlier compared with the conventional VATS approach.
[27] Interestingly, two clinical trials had also observed more favourable immunological response in patients after using this approach [27, 28] . Furthermore, these patients had a shorter duration of post-operative hospitalization. Therefore, in order to maximize the benefit of this non-intubated approach, we explored the possibility of combining it with other manoeuvres that can improve patient's recovery, such as avoiding postoperative chest tube and urinary catheterisation. Ultimately, the aim is to improve patient care, and allow patients to be discharged from hospital safely and quickly, in hope that this will fulfil the vision of fast-track surgery.
We have demonstrated that using our stringent selection criteria and careful approach, this tubeless approach is feasible for minor pulmonary resections, with favourable post-operative outcomes and short post-operative hospital stay. For patients to be considered for this tubeless approach, they must fulfil the criteria of each of three component interventions. Criteria we used for VATS under spontaneous ventilation are: BMI < 25; and ASA <III. Criteria we used to avoid post-operative chest tube were similarly reported by Watanabe et al. [14] and Luckraz et al. [25] namely: no parenchymal air leak or significant bleeding at the end of procedure. In addition to removing the chest tube in the operating room, we had taken extra steps such as avoid lung parenchyma injury during dissection, thoroughly checking for airleak/bleeding by underwater testing, repairing any airleak/bleeding and making sure the lung was fully expanded without any residual airspace as described in the Methods section. Patients all CXR and chest ultrasound 6 h after surgery and on post-operative day 1 to make sure there was no new pneumothorax or pleural effusion. Fortunately, using these strategies, no patients needed any intervention. Finally, to avoid urinary catheterisation, we have selected patients who did not have any renal or urological problems and did not require close urinary output measurement.
Since the original VATS under spontaneous ventilation without intubation was performed with epidural analgesia, [26] we had incorporated this approach in our study patients to avoid any potential to avoid any issues with post-operative pain. We recognized that epidural is not risk free and can lead to side-effects of sympathetic blockade such as hypotension and bradycardia; urinary retention, epidural haematoma and infection just to name a few [29] . To limit these complications, we had restricted the epidural usage for the intraoperative period only. However, complete avoidance of epidural would fit better with the concept of tubeless, and we are now exploring the possibility of using only wound infiltration, intercostal nerve and paravertebral blockade to eliminate the need of epidurals, particularly in procedures such as sublobar resections. While it would have been more tubeless to perform the surgery with nasal cannula and avoiding laryngeal mask, we had used laryngeal mask in our series as we felt it offered safer ventilatory management, particularly during our initial experience and if there were any respiratory concerns.
As this is a preliminary feasibility study, several other limitations needed to be mentioned. First of all, the patients were a highly selected subgroup that fulfilled all criteria for tubeless surgery. There was no control group to compare the benefits of this new concept. However, we hope that this feasibility study will lay the foundation for a randomized trial to establish the benefit of this new tubeless approach, and eventually extend its application for other aspects of thoracic surgery. We also recognize that not all patients would be able to fulfil all three criteria for the tubeless concept. However, this study has reinforced the conclusion of previous works: intubation, post-operative chest tube, or urinary catheterization may not be necessary for all patients. Hence, if patient satisfy the criteria for one or more aspects of the proposed tubeless concept, the possibility of avoiding such intervention can be considered. Hopefully, this will allow us to tailor patient's care according to individual needs, achieving the objectives of both 'personalized/precision medicine' and 'fast-track' surgery. 
